INTRODUCTION
============

Rheumatoid arthritis (RA), which destroys cartilage, bones, and tissues in joints, is the most common systemic inflammatory disease. Approximately 1% of the worldwide population suffers from this autoimmune disease. One of the most obvious characteristics of this disease is an increase of activated macrophages in synovial tissue ([@B1]-[@B3]); however, some RA patients exhibit lymphocyte infiltration to the damaged joints and lymphoid tissue-like structures in synovial tissue ([@B4],[@B5]). Many studies have demonstrated that the development and process of the ectopic lymphoid tissue-like structures are similar to those of normal lymphoid tissues, such as lymph nodes and spleen ([@B6]-[@B8]). Accordingly, the factors involved in the formation of normal lymphoid tissues, such as CXCL13, CCL19, CCL21, CCR7, CXCR5, lymphotoxin-α/β, and interleukin (IL)-7, are found at RA synovial membranes ([@B9]-[@B16]). In the formation of normal lymphoid tissues, lymphoid tissue inducer (LTi) cells whose name reflects the primary role of the cell in lymphoid tissue organization induce the lymphoid development by expressing CCR7, CXCR5, lymphotoxin-α/β, and IL-7 receptor ([@B17]-[@B22]). The engagement of lymphotoxin-α/β receptors on stromal cells with LTi cells upregulate CXCL13, CCL19 and CCL21 and these chemokines recruit the receptor-expressing lymphocytes to form lymphoid tissues. The LTi cells do not express lineage markers, but do express CD117, CD127 (IL-7 receptor), RORC (retinoid-related orphan receptor gamma), OX40L, CD30L and TRANCE ([@B18]-[@B22]). By the interaction with OX40 and CD30-expressing CD4 T cells, LTi cells help memory CD4 T cell development ([@B18]). Recently, LTi cells were identified in human tissues such as tonsils and lymph nodes ([@B23],[@B24]). However, the phenotype of the human cells is not exactly same to that of the murine cells, for example, human LTi cells do not express CD30L ([@B25],[@B26]). In addition, many subpopulations which show one or a couple of different molecular expression exist, so they are called LTi-like cells. Although the involvement of LTi cells in normal and ectopic lymphoid tissue development has been well established and reported in mice ([@B17]-[@B22]), the identification of LTi cells in human RA synovial tissues has not yet been reported.

Therefore, we examined whether LTi cells are present in human RA synovial fluid. Because human LTi cells are well described in tonsils ([@B23],[@B24]), which are normal lymphoid tissues, we compared the immune cells infiltrate in RA synovial tissue with cells from tonsils as well as to immune cells infiltrated to synovial fluid in patients with osteoarthritis (OA), which is degenerative joint disease and the most common form of arthritis ([@B27],[@B28]). Because the proportions of infiltrated lymphocytes and activated macrophages are different between different patients, we categorized three patient groups based on the proportion of macrophages in the synovial fluid: a macrophage-high group, which contained more than 80% macrophages; a macrophage-intermediate group, which contained between 40% and 80% macrophages, and a macrophage-low group, which contained less than 40% macrophages. According to this grouping, we analyzed the proportion and activation of LTi-like cells, CD4 T cells, and regulatory T cells (Tregs) and compared these numbers to those obtained in tonsils. Finally, we examined the expression of CCL21 and CXCL13, which are chemokines that recruit CCR7-expressing T cells and LTi cells and CXCR5-expressing B cells and LTi cells, respectively ([@B29],[@B30]).

MATERIALS AND METHODS
=====================

Isolation of lymphocytes from synovial fluid of RA and OA patients
------------------------------------------------------------------

RA and OA synovial fluid was obtained from Korea University Guro Hospital and all experiments were carried out with the approval of Korea University Guro Hospital Institutional Review Board (IRB). For the diagnosis of RA, clinical symptoms and radiographic evidence of bony erosions are used. According to the classification of RA by the American Rheumatism Association 1987 ([@B31]), patients are diagnosed as RA when four or more of the following seven factors are present: morning stiffness, swelling or fluid around more than three joints simultaneously, at least one swollen area, symmetric arthritis, rheumatoid nodules, increased rheumatoid factor, and X-ray changes in the hands and wrist. Whereas RA is systemic, OA is limited only to the joints, and radiologic evidences of OA include asymmetrical narrowing of the joint space and bony overgrowth. In the obtained synovial fluid, PBS was added and the diluted synovial fluid was centrifuged at 1,500 rpm for 5 minutes. After depletion of red blood cells with Gey\'s solution, impurities were filtered out from the cell suspensions using 70 um cell strainer (BD biosciences, San Jose, CA). The separated cell suspensions were used for flow cytometric analysis or cultured.

Isolation of lymphocytes from tonsils
-------------------------------------

Human tonsils were obtained from Gangnam Severance Hospital of Yonsei University Medical Center. Patients who have chronic tonsillitis, snoring, or mouth breathing problem underwent tonsillectomy. The experiments have been approved under the supervision of Gangnam Severance Hospital IRB. To separate cells from human tonsils, the extracted tonsils were cut into small fragments and crushed between gauze. To deplete red blood cells, Gey\'s solution was treated and the cell suspensions were used for flow cytometric analysis or cultured.

Flow cytometric analysis
------------------------

mAbs for TCRαβ (IP26), CD3 (UCHT1), CD4 (RPA-T4), CD25 (BC96), CD19 (HIB19), CD56 (MEM188), GITR (eBioAITR), OX40 (ACT35), TRANCE (MIH24), CD127 (eBioRDR5), RORC (AFKJS-9), and Foxp3 (PCH101) were purchased from eBio-science (San Diego, CA). mAbs for CD11b (ICRF44), OX40L (IK-1), CD11c (B-ly6) were purchased from BD biosciences. Foxp3 and RORC were detected by intracellular staining according to manufacturer\'s instructions.

Enzyme-linked immunosorbent assay (ELISA) of CCL21 and CXCL13
-------------------------------------------------------------

Synovial fluid of RA patient was centrifuged and the supernatant was collected and stored at -20℃. Samples are thawed and the concentration of CCL21 was measured using ELISA (R&D systems, Minneapolis, MN) according to manufacturer\'s instructions. Briefly, a 96-well microplate was coated with 2 µg/ml mouse anti-human CCL21 capture Ab and 100 ul of test sample or standard was added and incubate. After washing, biotinylated goat anti-human CCL21 detection Ab, and then streptavidin conjugated to horseradish-peroxidase solution was added. Finally, substrate solution was added and optical density was measured by microplate reader (Bio Rad, Tokyo, Japan) at 450 nm.

To assay the concentration of CXCL13, a microplate coated with mouse mAb against human CXCL13 was used (R&D systems). Prepared samples and standards were added into each well. After incubation with mAb against human CXCL13 conjugated to horseradish peroxidise, substrate was added, and optical density was measured by microplate reader at 450 nm. A standard curve was created by reducing the data using computer software generating a four parameter logistic curve-fit and used to calculate the CCL21 and CXCL13 concentration of each sample.

RESULTS
=======

Comparison of the diverse cell populations in RA and OA synovial fluid and tonsils
----------------------------------------------------------------------------------

To compare the distribution of immune cells in RA synovial fluid, OA synovial fluid, and tonsils, cells were isolated and analyzed by flow cytometry ([Fig. 1](#F1){ref-type="fig"}). Dot plot ([Fig. 1A](#F1){ref-type="fig"}) and contour plot ([Fig. 1B](#F1){ref-type="fig"}) analyses revealed three areas, which represented distinct cell types. The cells in \'a\' area, which exhibited relatively high side-scattered light (SSC), were identified as activated macrophages ([@B32]). RA synovial fluid showed clearly increased numbers of macrophages compared with OA synovial fluid and tonsils. Staining the cells from the \'a\' area with anti-CD11b and anti-CD4 revealed that most of these cells were CD4^-^CD11b^+^: 97.5% in RA, 60.0% in OA, and 57.5% in tonsils ([Fig. 1C](#F1){ref-type="fig"}). The cells in the \'b\' area, which exhibited intermediate levels of SSC and were larger in size, were possibly monocytes ([@B32]). In tonsils, the \'b\' area was absent, and this absence was clear in contour plot analysis ([Fig. 1B](#F1){ref-type="fig"}). Co-staining of the cells in the \'b\' area with anti-CD11b and anti-CD4 revealed that most of these cells were CD4^+^CD11b^+^: 68.9% in RA and 67.0% in OA ([Fig. 1D](#F1){ref-type="fig"}). The cells in the \'c\' area were determined to be lymphocytes, and most of these cells were CD11b-: 86.0% in RA, 75.7% in OA, and 82.2% in tonsils ([Fig. 1E](#F1){ref-type="fig"}).

In order to compare the proportion of each cell population in RA synovial fluid, OA synovial fluid, and tonsils, the percentage of B cells, natural killer (NK) cells, NKT cells, CD4 T cells, CD8 T cells, CD4^+^CD11b^+^ monocytes, and CD4^-^CD11b^+^ macrophages were calculated ([Fig. 2](#F2){ref-type="fig"}). Notably, cells that were found mainly in RA synovial fluid were macrophages (average 64.9%) and CD4^+^CD11b^+^ monocytes (\~11.2%). In OA synovial fluid, the largest population of cells was CD4^+^CD11b^+^ monocytes (\~19.6%), while the second most common population was CD8 T cells (\~12.7%), which were increased compared with RA synovial fluid (\~5.1%). In tonsils, B cells (\~45.4%) and CD4 T cells (22.7%) were the major populations.

RA patients divided based on the proportion of macrophages
----------------------------------------------------------

Because each RA patient exhibits a different proportion of infiltrated lymphocytes and activated macrophages, the RA patients were categorized into three groups based on the proportion of macrophages found in synovial fluid ([Fig. 3](#F3){ref-type="fig"}). The first group was the macrophage-high group, which contained more than 80% macrophages. In this group, the proportion of lymphocytes was very low (average 2.8%). The second group showed intermediate levels (between 40% and 80%) of macrophages, and the average proportion of lymphocytes was 9.6%. Ten of the 17 examined patients were assigned to this group. The third group was the macrophage-low group, which contained less than 40% macrophages and exhibited increased infiltration of lymphocytes up to 46.1% with an average lymphocyte content of 34.1%.

CD117^+^CD3^-^CD56^-^CD127^+^RORC^+^ LTi-like cells in RA synovial fluid
------------------------------------------------------------------------

As we previously identified CD117^+^CD3^-^CD56^-^CD127^+^ RORC^+^OX40L^+^ LTi cells in human tonsils ([@B23]), we determined whether LTi cells are present in RA synovial fluid. When cells were gated as CD117^+^CD3^-^CD56^-^ cells, most of them expressed CD127 (78.2%) and RORC (80.6%) ([Fig. 4A](#F4){ref-type="fig"}), and these characteristics are very similar to tonsillar LTi cells. More LTi-like cells were found in the macrophage-low group compared with the macrophage-high and -intermediate groups ([Fig. 4B](#F4){ref-type="fig"}). Not only the proportion but also the absolute cell number of LTi-like cells was increased in the macrophage-low group (p\<0.05 compared to macrophage-high group).

In contrast to tonsillar LTi cells, which express high levels of OX40L and TRANCE, LTi-like cells in RA synovial tissue expressed minimal levels of OX40L and TRANCE. In fact, low expression of these factors was found in the macrophage-low group, and no expression was detected in the macrophage-high group ([Fig. 4C](#F4){ref-type="fig"}). Thus, we categorized these cells as LTi-like cells.

Comparison of activated CD4 T cells and Tregs
---------------------------------------------

To analyze the activation state of CD4 T cells and CD3^+^Foxp3^+^ Tregs, the activation markers of these cells were evaluated and compared between the three macrophage groups of RA synovial fluid and tonsils ([Fig. 5](#F5){ref-type="fig"}). All groups of CD4 T cells expressed similar levels of OX40 as tonsillar CD4 T cells. In comparison, Tregs in the macrophage-low group expressed higher levels of GITR and lower levels of CD25 compared to the other groups, suggesting that the suppressive function of Tregs in this group was downregulated ([@B33]).

Expression of CXCL13 and CCL21 in RA synovial fluid
---------------------------------------------------

Since CXCL13 and CCL21 recruit CXCR5- and CCR7-expressing cells, CXCL13 and CCL21 expression was analyzed in RA synovial fluid and compared with expression in tonsils ([Fig. 6](#F6){ref-type="fig"}). The expression of CXCL13 in RA synovial fluid was more than 12 times greater than that in tonsils, while the expression of CCL21 was comparable in all RA synovial fluid groups and tonsils.

DISCUSSION
==========

RA, which is one of the most common autoimmune diseases, is characterized by chronic systemic inflammation with synovial inflammation and joint destruction. Because RA is a chronic inflammation disease, many types of immune cells in filtrate the damaged synovial tissue and in some cases, form lymphoid tissue-like structures ([@B4],[@B5]). Although lymphoid infiltration into the tissue is not related to clinical symptoms ([@B34]), we hypothesized that RA patients could be categorized based on the proportion of immune cells and their activation conditions in synovial fluid, and it could be related to the LTi cell numbers. In this study, we identified clear differences in the distribution of macrophages and lymphocytes in RA synovial fluid. In particular, LTi/LTi-like cells, which are critical for induction of normal lymphoid tissue organogenesis ([@B17]-[@B22]), were increased in synovial fluid that contained more infiltrated lymphocytes. Compared with tonsillar LTi cells, synovial LTi/LTi-like cells in the macrophage-low, lymphocyte-high group expressed minimal levels of OX40L, which is an important ligand for CD4 T cell memory generation ([@B18]), while the cells in the macrophage-high group did not express this ligand. In addition, the suppressive function of Tregs in the macrophage-low, lymphocyte-high group was downregulated, suggesting that inflammatory responses are more active in this group. Although CXCL13 and CCL21 expression was not significantly different between the RA groups, CXCL13 expression was upregulated compared with that in tonsils, and CCL21 expression was comparable in synovial fluid from all groups and in tonsils, suggesting that these chemokine expression attracted CXCR5 and CCR7 expressing LTi/LTi-like cells ([@B22]).

In conclusion, LTi-like cells in RA synovial fluid that contains more infiltrated lymphocytes exhibited a more similar phenotype to tonsillar LTi cells compared to those in other RA tissues. It suggests that increased lymphocyte infiltration is correlated with an increase in LTi-like cells, and it is involved in the formation of normal lymphoid tissue-like structure.
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![Flow cytometric analysis of cell populations in RA, OA, and tonsil showing by dot plots (A) and contour plots (B). X-axis shows forward-scattered light (FSC) and Y-axis shows side-scattered light (SSC). The cell populations were costained with anti-CD11b and anti-CD4 and analyzed in \'a\' area of A and B (C), \'b\' area of A and B (D), and \'c\' area of A and B (E). The results are representative of each RA (n=17), OA (n=3), and tonsil (n=14) group.](in-13-240-g001){#F1}

![Comparison of percentage of cell populations including B cells, NK cells, NKT cells, CD4 T cells, CD8 T cells, CD4^+^CD11b^+^ monocytes, and CD4^-^CD11b^+^ macrophages in RA (n=17), OA (n=3), and tonsil (n=14). Error bar shows the standard deviation.](in-13-240-g002){#F2}

![Comparison of percentage of cell populations in RA patients. Synovial fluids which contain over 80% of CD4^-^CD11b^+^ macrophages were grouped as macrophage high group (high, n=4), and synovial fluids which contain between 40% and 80% of macrophages were grouped as macrophage intermediate group (int, n=10). Synovial fluids which contain less than 40% of macrophages were grouped as macrophage low group (low, n=3).](in-13-240-g003){#F3}

![Identification and comparison of LTi/LTi-like cells in RA and tonsil. (A) Flow cytometric analysis of LTi-like cells. According to FSC and SSC, lymphocytes were selected and CD3-negative and CD117-positive population were gated. The expression of CD127 and RORC in CD117^+^CD3^-^CD56^-^ cells was analyzed. Shaded histograms indicate isotype staining. (B) Correlation between the portion of macrophages and LTi-like cells in synovial fluid (SF). Percentage and absolute cell numbers of LTi-like cells in macrophage-high, intermediate (int), and low groups of RA synovial fluid were compared with tonsils. The statistical evaluation of the data was performed with Student\'s *t*-test and one-way analysis of variance. ^\*^p\<0.05, and ^\*\*^p\<0.005 compared to macrophage-high group. (C) Expression of OX40L and TRANCE in LTi-like cells in macrophage-high, intermediate, and low groups of RA synovial fluid and tonsil. Shaded histograms indicate isotype staining.](in-13-240-g004){#F4}

![Flow cytometric analyses of OX40 expression on activated CD4 T cells and GITR and CD25 expression on Tregs in macrophage-high, intermediate (int), and low groups of RA synovial fluid and tonsil. Shaded histograms indicate isotype staining. The results are representative of each macrophage high (n=4), intermediate (n=10), and low (n=3) group.](in-13-240-g005){#F5}

![Comparison of CXCL13 and CCL21 expression in macrophage-high, intermediate (int), and low groups of RA synovial fluid and tonsil. Error bar shows the standard deviation.](in-13-240-g006){#F6}
